and large vesicular astrocytic nuclei are abundant. The nucleus caudatus is similar to the putamen but rather less affected. The largest Alzheimer nucleus seen in the putamen measured 15-5 X 10 p. Very few of these large nuclei were surrounded by pigment granules. No neuroglial fibres staining with Mallory's hmmatoxylin were seen in the putamen, caudate or globus pallidus. No abnormality was found in the thalamus or nucleus subthalamicus (Luys). In the substantia nigra there is scattered melanin pigment, indicating some loss of nerve cells and many fairly large vesicular astrocytic nuclei are seen but here again there is no fibrous gliosis. No inclusion or neurofibrillary change was found here.
The pons and medulla show no abnormality. The cerebelluim shows no abnormality except astrocyte nuclei of Alzheimer type in the nucleus dentatus.
In this patient the history suggests that the liver was damaged at the age of 5 with resulting cirrhosis. From the age of 8 to 18 years there were recurrent attacks attributable to splenic enlargement. In the third and fourth decades other signs of liver damage became evident. Motor symptoms, an association of Parkinsonian rigidity with intention tremor, appeared at the age of 37 along with mild psychical symptoms. Attacks of hepatic coma came on at the age of 40 and the patient died at the age of 41. This history suggests that the cerebral damage was secondary to liver disease. Raymond Adams has shown that patients dying in hepatic coma, without previous nervous symptoms, have changes of Alzheimer type in the astrocyte nuclei of the basal ganglia and fronto-parietal cortex similar to those found in this case. It is difficult to believe that these glial changes may occur without any damage to the neighbouring neurons. Certainly in our case there was severe damage to the cortical nerve cells and also obvious damage to the substantia nigra. The neuronal changes in the basal ganglia were less evident, but in my experience they may not be very obvious even in typical cases of Wilson's disease.
Histologically, therefore, this case may be classed as hepatolenticular degeneration. although it was atypical in several respects, but chemically it was entirely different. There was none of the typical animo-aciduria, no abnormal copper storage and no Kayser-Fleischer ring. Cases like this are probably not very rare, but as the biochemical changes of Wilson's disease are recent discoveries they have not yet been reported. Their classification raises a difficult problem, since the biochemists exclude them from the category of Wilson's disease. The name hepatolenticular degeneration has never been entirely satisfactory since the cerebral changes in Wilson's disease are never limited to the lenticular nucleus, and a new classification and terminology seems to be needed. Meanwhile it is important that cases, such as this, which do not conform to the modern chemical criteria of Wilson's disease, should be fully recorded. ExcEss copper has been found in the brains of patients suffering from hepatolenticular degeneration (Haurowitz, 1930; Luithy, 1931; Glazebrook, 1945; Cumings, 1948; Spillane et al., 1952) . The urinary copper excretion has also been shown to be increased in this disease (Cumings, 1951; Denny-Brown and Porter, 1951; Spillane et al., 1952; Matthews et al., 1952) .
Copper Storage in Hepatolenticular Degeneration and Allied Diseases
Porter (1949) and Spillane et al did not find any increased amino-acid excretion in the urine in a number of other nervous diseases such as Huntington's chorea, paralysis agitans, dystonia musculorum deformans and familial spastic paraplegia, but copper estimations in the urine in such conditions have not previously been recorded. This paper gives the results found in the examination of 34 patients suffering from various disorders, including 3 new cases of hepatolenticular degeneration. The brains of 4 patients, one a case of hepatolenticular degeneration, have also been examined. In each of the 34 cases three twenty-fourhourly samples of urine were examined for copper by methods used previously, and for amino-acid nitrogen by the method of Albanese and Irby (1944) . Table I gives the diagnosis of 26 cases with the highest levels of copper and amino acid found.
No chemical abnormality was found in any case. The results found in the 3 cases of hepatolenticular degeneration are shown in Table II . These cases had typical clinical signs and each showed a Kayser-Fleischer ring; all showed a very considerable excretion of both copper and amino acid in the urine far in excess of the normal. The fint case gave a fourfold output of copper after BAL, but there was no alteration in the aminoacid excretion. Blood levels of copper in these cases were 115, 120 and 95 pg. per 100 ml. respectively, while the second case showed 24 pg. per 100 ml. in the cerebrospinal fluid. The amounts of copper associated with the different globulins were estimated in one case by the method of Thompson and Watson (1949) , and little differetice from the normal was found. Table III shows the results fouiid in the remaining 5 cases. The first case, in addition to the cirrhosis of the liver proven at autopsy, had intermittent attacks of confusion and a tremor, but no Kayser-Fleischer ring was present. The second patient with cirrhosis, proved by biopsy, had no neurological Proceedings of the Royal Socidy of Medicine 14 signs. Neither of these cases showed any biochemical abnormality. The third patient had a tetraplegia with some dysarthria, but no Kayser-Fleischer ring. He had a chronic hepatitis following jaundice, but without a history of serum or blood transfusion. Although the copper excretion was normal, there was a well-marked amino aciduria, but without any specific amino acid predominating, as determined chromatographically. The fourth patient was one of a family of 6, 4 of whom had a similar clinical picture. Psychopathic traits, abnormal movements and dysarthria for some fifteen years, no Kayser-Fleischer ring and a normal liver on biopsy were the prominent features. Neither this patient-fully examined-nor the other 5 members of the family showed any biochemical abnormality. This would not appear to be a typical case of hepatolenticular degeneration, for one would have thought that with such a long history some biochemical abnormality in the urine would have been present. Case V had a history of an involuntary tremor of the left upper limb for fourteen months. No Kayser-Fleischer ring was found. Urine examinations were negative, but clinically it was thought that this case might develop into hepatolenticular degeneration at a later date. The material examined after death came from 4 patients, and Table IV shows the results obtained.
Only in the case of hepatolenticular degeneration was there any retention of copper in the tissues. *This is the case described on p. 151 by Dr. J. G. Greenfield.
The tissues from 3 cases of multilobular cirrhosis of the liver have now been examined, and in none has there been an accumulation of copper in the tissues. These results lead one to the view that, in a typical case of hepatolenticular degeneration with a Kayser-Fleischer ring, there is retention of copper in the brain and an increased urinary excretion of copper and of amino acids, and all 7 cases so far examined have shown this to be true. Other patients with a somewhat similar clinical picture, but without, in my experience, a Kayser-Fleischer ring, do not show any biochemical abnormality in the urine. These are not examples of an abnornal copper metabolism, and should accordingly be placed in a separate category. Considering the levels of blood copper in the 7 cases of hepatolenticular degeneration so far examined the lowest was 86 pg. per 100 ml. and the highest 150 xg. per 100 ml., with a mean figure of 116 pg. per 100 ml., while the figures for 21 of the other cases of both sexes recorded here ranged from 99 to 160 pg. per 100 ml., with a mean of 128 pg. per 100 ml.
No patient with any disease other than hepatolenticular degeneration has yet been seen having an increased urinary excretion of copper. This is true not only of neurological disorders, but also of 2 cases of proven multilobular cirrhosis of the liver and 1 of chronic hepatitis with jaundice.
